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aFaculty of Media and Communication, Bournemouth University, Poole, UK; bLivability Victoria Education Centre, Poole, UK; cDorset Healthcare
University NHS Foundation Trust, Adult Community Speech and Language Therapy Service, Blandford Forum, UK; dFaculty of Science and
Technology, Bournemouth University, Poole, UK
ABSTRACT
Purpose: Here we present a study of two new Assistive Technology (AT) accessible digital assessments
which were developed to address the current paucity of (English) spoken language comprehension
assessments accessible to individuals who are both non-verbal and have profound motor impairments.
Such individuals may rely heavily upon AT for communication and control. However, many assessments
require that responses are given either verbally, by physical pointing or manipulating physical objects. A
further problem with many assessments is their reliance upon static images to represent language com-
ponents involving temporal, spatial or movement concepts. These new assessments aim to address some
of these issues.
Materials and methods: The assessments were used with 2 young people who are non-verbal and have
profound motor impairments (GMFCS level IV/V) and who use eye gaze as their primary method of com-
munication and access. One assessment uses static images and the other short video clips to represent
concepts containing temporal, spatial or movement elements. The assessments were carried out with
each participant, both before and after an intervention, as part of a larger study.
Results: The assessments were accessible using AT (eye gaze) for both participants, although assessment
scores varied. The design of the assessments particularly suited one participant who scored near max-
imum, but they appeared less suitable for the other participant.
Conclusions: Making assessments AT accessible removes a barrier to assessing aspects of the spoken lan-
guage comprehension abilities of some. Video may be a better medium for representing certain concepts
within assessments compared with static images.
 IMPLICATIONS FOR REHABILITATION
 The new assessments provided a deeper understanding of two members of a group who are trad-
itionally difficult to assess, using two alternative physically accessible methods of assessing the spo-
ken language comprehension of the target group;
 Accessible assessments are important for assessing complex individuals in order to identify know-
ledge limitations and set therapy (and education) goals;
 The alternative access features of communication software can provide a “wrapper” for providing
accessibility features to assessments;
 Video clips may be a better means of representing certain concepts in assessments compared to their
static equivalents;
 Ensuring that assessments are physically accessible is sufficient for the assessment of some individu-
als, but for some “cognitive” accessibility also needs to be considered.
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There are currently few suitable methods for assessing the com-
prehension of spoken language of those who have both anarthria
(inability to produce clear, articulate speech) and profound motor
impairments [1]. Hereafter these individuals will be referred to as
the Target Group or TG.
It is important to assess children and young people (CYP) who
have disabilities to develop an understanding of their existing
knowledge and any intellectual impairments that they may have
[2]. This understanding can provide a useful baseline, inform the
direction and focus of therapy and education [3] and assist with
measuring progression. It can also help with identifying a person’s
suitability for Alternative and Augmentative Communication
(AAC) [4]. Unsuitable or unsound assessment techniques may lead
to inaccurate results and a misrepresentation of an individual’s abil-
ities which may lead to unrealistic [1] or reduced expectations [5].
At present, Speech and Language Therapists (SaLTs) may use a
variety of published and standardized assessment batteries to
assess the spoken language comprehension of the TG [6,7]. Nearly
all such assessments are standardized using typically developing
children [2]. This approach may mean that content and methods
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of completion are not appropriate for the TG given their more
limited life experiences and motor impairments.
The TG may be heavily reliant on Assistive Technology (AT) for
communication and control but many assessments rigidly require
that answers are given verbally, by physical pointing or even
through the manipulation of physical objects.
Some assessment schedules contain a range of permitted
adaptations, but these are usually minimal and do not accommo-
date the needs of those who are non-verbal and more motorically
impaired [1]. To make the assessment materials and administra-
tion process suitable for use with the TG, modifications may be
required which can then break the standardization and lead to
invalidated results. Indeed, this may lead SaLTs to abandon con-
ventional assessments completely and instead assess informally
using observation or assessment schedules that they have devel-
oped themselves [7].
Adaptations to assessments may also alter the nature of what
is being assessed, introduce assessor bias and increase cognitive
loading [8]. Whilst potentially useful as initial screening tools,
observation and bespoke assessment approaches lack standardiza-
tion and so will have no evidence base to support their effi-
cacy [7].
When assessing those who provide answers using eye-
pointing, there is a risk of confusing “look to view” or “look to
explore” with “interactive intention” [9]. This can lead to
misinterpreted answers, so a more automated approach would
be beneficial.
By their physical, often paper-based nature, many standard
assessments are restricted to using static two-dimensional images
to represent verbs. Symbolic or pictorial representations of certain
verb concepts can be difficult to interpret, especially those involv-
ing more abstract elements. The artistic conventions used to rep-
resent movement in images e.g., “curved lines around joints” may
not be understood by some [10]. Some verbs, such as “sleeping,”
do not involve movement and so avoid this problem; others, such
as “releasing” or “moving forwards,” may be better represented
using moving images in the form of animations, for example
Mayer Johnson’s PCS symbol animations [11], or video clips
[10,12]. This is a key issue that this work is designed to address.
In this article, we describe two alternative assessment
approaches which are designed for access by the TG to overcome
the limitations of existing solutions. One of these is based on
static images, the other on short video clips. These are accessible
by eye gaze and designed to complement each other by repre-
senting concepts in both static and animated or moving formats
to suit the concept.
A pilot study is also presented, which was used to evaluate
the effectiveness of the new assessment methods. In this pilot,
the assessment approaches were employed to assess two partici-
pants’ understanding of temporal, spatial and movement con-
cepts both before and after an intervention (baseline and
outcomes, respectively), described later.
Existing (digital) approaches for assessing the TG
The literature reveals a variety of alternative approaches to the
assessment of groups who are difficult to assess using conven-
tional methods. The approaches of interest in the current study
are those which involve the use of digital technology.
Recently there has been a move by commercial assessment
providers to digitize their standardized assessments, for example
Pearson’s Q-Interactive [13]. However, most of these are literal
translations of the physical versions and do not provide any
additional accessibility options, still requiring that answers be
given by pointing, touch or verbal responses. Often designed for
use with mobile technology such as tablets, their main technical
focus is typically on automatic capture and analysis of the results.
While the mobile platforms themselves may provide additional
accessibility options, the assessment administration procedure
may not permit their use.
Researchers have attempted to make standard forced-choice
quadrant assessments accessible to a wider range of individuals.
Friend and Keplinger [14] created an assessment based on
touchscreen technology and standardized content for use with
young infants. Warschausky et al. [15] converted and adapted the
materials of several existing standardized assessments to a digital
format, importing them into the communication software
Boardmaker Speaking Dynamically Pro [16]. This provided a range
of AT accessibility options, including support for linear switch
scanning and a head mouse, which were used in the study.
Adapting the assessments did not appear to affect the results of
some assessments significantly when compared to the standard
versions. This approach increases the range of accessibility
options, but incurs the additional financial cost of the alternative
access software (in this case Boardmaker Speaking Dynamically
Pro). Also, the researchers noted that their approach raised
legal issues concerning the copyright of the standard assess-
ment materials.
Brain-Computer Interfaces (BCI) have been used as a method
of identifying the understanding of spoken language in difficult
to assess groups. Byrne et al. [17] presented participants with
images and a matching or non-matching spoken word whilst
measuring their brain activity. It appeared that the use of a BCI
could be effective at detecting when a participant recognized a
match or was conflicted by the image and a nonmatching word.
This approach identified whether the participant understood the
relationship between only one picture and one word. Choosing
from multiple choices is more cognitively challenging. Huggins
et al. [18] also used a BCI as a means of eliciting answers to a
digitally adapted version of the Peabody Picture Vocabulary Test
– 4th Edition (PPVT-IV) [19]. They compared the results of the
unmodified and BCI-adapted versions of this test and found the
results to be “within the expected variation of repeated test
administration,” but stated that the adapted version took approxi-
mately three times longer to complete.
The use of BCIs has the benefits of requiring no motor or verbal
responses from test subjects. However, BCIs may be unsuitable for
some, including those who cannot tolerate wearing equipment on
their heads, or those who have uncontrolled or involuntary move-
ment. There is usually quite a significant attachment and detach-
ment period too, which may test the patience of some. The use of
BCI may, therefore, not be feasible in a clinical practice setting.
There are few assessments which are appropriate for use with
eye tracking technology. Ahonniska-Assa et al. [20] used a digitally
adapted form of PPVT-IV for assessing the receptive language of
individuals who had Rett syndrome. The participants used “eye-
tracking” technology and gave their answers by focusing on one
of four forced-choice answer cells. This appeared to be a suitable
access method for some, indicating greater proficiency than had
been anticipated.
“CARLA” (Computer based Accessible Receptive Language
Assessment) [21] is a commercially available assessment which
works within the communication software MindExpress [22].
MindExpress supports a range of access methods which are
“inherited” by CARLA. These methods include touch, switch scan-
ning and eye gaze. It is not clear whether this assessment was
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based on research or clinical experience and the assessment does
not appear to have been standardized.
Geytenbeek et al. [6] created the Computer-Based Instrument
for Low motor Language Testing (C-BiLLT), a tool for assessing
the spoken language comprehension of groups who are difficult
to assess, such as those who have severe cerebral palsy. This
assessment provides a variety of access methods including eye
gaze. The “sequencing of the linguistic complexity of items on
the test was based on the Dutch version of the Comprehension
Scale of the Reynell Developmental Language Scales (RDLS).”
RDLS is a standardized assessment [23]. C-BiLLT is currently under-
going standardization trials and is being translated into other lan-
guages. At the time of the present study, there was no English
language version available (the language of the participants in
the present study).
Few studies have examined the use of video in the assessment
of those who are unable to answer verbally (or motorically).
Preferential looking is one approach that has been used to iden-
tify a person’s receptive language comprehension using video.
Golinkoff et al.’s [10] Intermodal Preferential Looking Paradigm
(IPLP) presented two different videos which were played simultan-
eously and accompanied by an auditory stimulus. Examinees’
gaze fixation was observed to identify which of the two videos
were fixated upon most by participants and whether this prefer-
ence matched with the auditory stimulus. The aim of the study
was to identify whether the receptive language understanding of
young preverbal children exceeded their expressive language,
which was found to be the case.
Snyder et al. [12] used video in a stimulus preference assess-
ment as an alternative to tangible objects or pictures. They con-
sidered video to be more suitable than static images for
representing social interactions and activities. Assessment flexibil-
ity was key to their assessment approach, which enabled a
broader range of individuals to be assessed.
Golinkoff et al. [24] reviewed the applications of their
Intermodal Preferential Looking Paradigm (IPLP) spanning a
period of 25 years. Their assessment paradigm typically presents
only two answer cells. The authors described an inherent limita-
tion with this approach as the “A not A” problem, i.e., the exam-
inee does not know the answer to the question but knows the
concept depicted in the incorrect cell, and that this does not
match with the answer, and so using a process of elimination is
able to deduce the correct answer.
Aims of the current research
The overall goal of this work was to provide assessment methods
which are accessible by the TG. In particular, the focus was on the
use of eye gaze to provide accessibility and to support the assess-
ment of a set of temporal, spatial or movement concepts in an
appropriate manner. To achieve this overall goal, two comple-
mentary assessment methods were developed and their effective-
ness was evaluated in a pilot study.
The aims of the assessment techniques were:
Aim 1: To ensure that the new assessments were AT accessible
for the TG, who usually use eye gaze as an alternative
access method;
Aim 2: To represent concepts containing temporal, spatial or
movement elements in a more suitable format;
Aim 3: To minimize the risk of assessor misinterpretation
and bias.
The aim of the pilot study was to provide an indication of
whether the participants’ knowledge of the concepts under inves-
tigation could be evaluated by the assessments.
Within the pilot study, the concepts that were measured con-
cerned the participants’ knowledge of specific temporal, spatial or
movement concepts, predominantly prepositions, verbs, adverbs
and a small number of adjectives (colors). The necessity for the
assessments described here resulted from a larger study, which
concerned the effect of an eye gaze controlled robotic interven-
tion on the comprehension of such concepts. Here, the design
was for the assessments to be conducted both before and after
the intervention, intended to improve the participants’ under-
standing of these concepts using an eye gaze controlled robotics
system. The details of this intervention and its effectiveness are
beyond the scope of this paper; the focus here is on the evalu-
ation of the assessment methods.
Materials and methods
Two assessments were created: a static image-based assessment
and a video-based assessment. These are complementary
approaches, where the assessments collectively represented tem-
poral, spatial, or movement concepts in the format most appropri-
ate to the particular concept.
Both assessments are digital and computer-based, and
designed to be run on the Microsoft Windows 7/10 Operating
System. The static image-based assessment runs within the Grid 3
software [25].
The new assessments share some of the common features of
existing standardized assessments. For example, both assessments
were of the quadrant forced-choice variety, i.e., a 2 2 arrange-
ment of cells with only one correct answer.
One of the main ways in which the new assessments differ
from standardized assessments is in how answer cells are
accessed i.e., using eye gaze technology. No written word labels
were presented for the answer cells, as spoken language compre-
hension was the focus of investigation.
Both assessments were designed, implemented and tested by
a team comprised of an Assistive Technologist (the first author)
and five SaLTs. A subset of the SaLTs trialed and practiced the
assessments in pairs – one adopting the role of SaLT and the
other the “pupil” participant. This helped to refine the design of
the assessments and to verify the administration process.
The static image-based assessment consisted of three parts: 1)
an access check; 2) practice/familiarization; 3) the main assess-
ment. The images used within the practice section of the static
image-based assessment were selected from the libraries included
with the Grid 3 software. The remainder of the images and all of
the video clips were created by the first author. Many of the
images and all the video clips feature a toy dog character. This
character was deemed by the development team to be age
appropriate for a wide range of users. The answer cell image
designs were kept simple, often featuring a plain white or simple
background and limited color palette, helping to establish clear
figure-ground.
Ethical approval and consent
Ethical approval was granted by the Science, Technology and
Health Research Ethics Panel of Bournemouth University. Informed
consent was obtained from both the parents of the participants
and from the participants themselves (using a specially adapted
symbolized format suited to their communication needs).
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The participants
The participants were recruited from students aged between 4
and 19 years attending Livability Victoria Education Centre at the
time of the larger study.
Inclusion criteria
Candidates were eligible for inclusion if they were: at levels IV/V
on the Gross Motor Function Classification System (GMFCS) [26];
level 5 on the Manual Ability Classification System (MACS) [27];
anarthric, with a clear discrepancy between their level of under-
standing and ability to speak, as assessed by SaLTs, with a min-
imum educational attainment of P Scale level 6 in Mathematics,
English and Science [28].
Exclusion criteria
Candidates were not eligible for inclusion if they had: any known
visual or perceptual impairments which would hinder the use of
eye gaze technology; and any hearing impairments which would
prevent them from hearing the assessment questions.
Two pupils elected to take part in the study: both were male;
P1 had a diagnosis of athetoid cerebral palsy; P2 had a diagnosis
of post-viral cerebral palsy; P1 was aged 16 years 7months, and
P2 was 19 years and 6months at the time of the baseline assess-
ments; neither had any verbal expressive language, but both
were able to vocalize and had clear “Yes/No” responses; both
were very experienced in using eye pointing for symbol-based
communication (both low-tech using a communication book and
a communication partner, and high-tech using eye gaze technol-
ogy and dwell-select).
Equipment and set-up
The assessments were administered using a personal computer
with a 22 inch touchscreen monitor, mounted on a height-adjust-
able mobile floor stand with an eye gaze camera attached to the
lower frame (Figure 1). The PC ran Microsoft Windows 7. Sound
was provided by stereo speakers.
All of the assessments were carried out at Livability Victoria
Education Centre in a quiet, distraction-free room which was
familiar to both participants. Only the participant, SaLT and first
author were present in the room during each assessment. The
SaLT would stand to the left of the participant, who would face
the monitor. The static image-based assessment was always
administered first and the video-based assessment second. All ses-
sions were video recorded for the purposes of verification and
analysis of the results.
The static image-based assessment
This assessment was built to work within the Grid 3 software [25].
An assessment question would be presented to the participant by
displaying different images in four grid cells, only one of which
would represent a correct answer. The typical format of the
assessment screens or “panels” is shown in Figure 2. The actual
question would then be “read out” using the speech synthesis
feature of Grid 3. The questions were read out twice for each
question and the examinee could select a cell to hear the ques-
tion again if necessary. The concepts represented are given in
Appendix Table A2.
The assessment is a “grid set” within Grid 3 and inherits all of
the accessibility features of Grid 3 including, crucially, support for
eye gaze and synthesized speech output. The examinee provided
answers by “dwell-selecting” i.e., fixating their gaze upon a single
cell for a brief time. The assessment would then automatically log
their answer and move on to the next question. Automatic
answer logging was achieved by linking a vbScript code file to
each of the assessment cells using Grid 3’s Computer Control
“start program” function. The logged answers were stored in a
spreadsheet format file (see Appendix Table A1 for a sample).
The video-based assessment
At the time of the present study, no communication software was
identified which provided support for four eye gaze accessible
video cells on a single screen. The closest match to this behavior
was found in the “video wall  4” activity of the Look to Learn
software [29]. However, this only provides a single page of videos
and two pages were needed for this study. While the Look to
Learn page can be edited and the videos changed, doing so dur-
ing the assessment would interrupt the flow. For these reasons,
the video-based assessment discussed here was created by the
first author using the C# programming language [30]. This assess-
ment enables eye gaze interaction.
1. Access check (4) 2. Practice (3) 3. Questions (17) 
Figure 2. Static image-based assessment: Screen examples – the number in parentheses indicates the number of questions in each section.
Figure 1. The hardware running the video-based assessment.
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The assessment contains just two onscreen “pages,” each with
a grid of four video answer cells (Figure 3). Each video clip is
between 2 and 4 s in duration, with no audio.
The concepts represented within the video cells are: Page 1: 1.
Moving up; 2. Moving backwards; 3. Moving forwards; 4. Moving
down; Page 2: 1. Moving left; 2. Gripping; 3. Releasing; 4. Moving
right. The majority of the video clips are animations constructed
by the first author. The “gripping” and “releasing” video clips are
both live recordings created by the first author.
Once eye gaze control has been activated by the SaLT, each
video cell animates when the examinee’s gaze falls within its
boundaries, but pauses if gaze moves outside of the cell, resum-
ing when gaze focus returns. Upon completion, the video clips
pause (showing a black frame), “rewind” and then play from the
beginning. Figure 4 shows the first and final frames of the
“moving forwards” video clip.
Differences between the video and static image-based
assessments
Key differences between the assessment design and administra-
tion procedures are summarized in Table 1. The main reasons for
these were because Grid 3 was used for the static image assess-
ment, but at the time of the study it did not support the use of
four video cells and so could not be used for the video assess-
ment. This mainly led to differences in how the questions were
“read out” (Grid 3 contains speech synthesis), how answers were
given and how the responses were recorded or “logged.”
The pilot study
The pilot study consisted of a procedure for administering the
assessments with the core aim of indicating whether the partici-
pants’ knowledge of the concepts under investigation could be
evaluated by the assessments.
The SaLTs administered the assessments by following a prede-
termined assessment procedure. The participant’s SaLT first
explained and then administered the assessment to the partici-
pant, helping them to work through and regulate the pace of
completion, thereby reducing the likelihood of accidental selec-
tions [31]. This regulation was achieved in the static image-based
assessment by providing the SaLT with touch-only activated cells
that toggled whether eye gaze control was activated or deacti-
vated and, therefore, whether selection of cells was possible. For
the video assessment regulation was achieved by the SaLT who
determined whether videos would play when focused upon and
interpreted the participants’ responses.
The main procedure consisted of four stages, the first three of
which involved the static image-based assessments (Figure 2) and
the fourth, the video-based assessment:
1. Static Image Access Check: The access check ensures the
participant can correctly activate all four of the answer
First frame Final frame 
Figure 4. Video-based assessment: First and final frames of the “moving forwards” video clip (page 1, bottom-left cell).
Page 1 Page 2 
Figure 3. Video-based assessment: The two pages.
Table 1. Differences in design and administration procedures of the static image and video-based assessments.
Static image-based Video-based
Method of question delivery Synthesized speech – via the Grid 3. The participant
can also activate a cell to listen to the question
on demand
The SaLT reads the questions aloud
Answer selection method Dwell-click (briefly fixating on an answer cell) Continuous fixation. The SaLT determines which
cell is being attended to based on the position
of a visible cursor
Access check 4 questions, carried out through the
digital assessment
No questions, the check was carried out by the
SaLT (by visual observation)
Practice questions 3 questions, carried out through the
digital assessment
None (assumed carry-over from previously
completing the similar format static image-
based assessment)
Recording of answers Automatically by the digital assessment Manually – by the SaLT
Answer cell type Static image Animation or video
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cells in the assessment (Figure 2(1)). The system would
present an image of the dog character in one of the cells,
together with the question “where is the dog?” This would
cycle through all four cells and the participant could only
continue when all four questions were answered correctly.
This addresses the assessment’s first aim, to determine
whether the assessment approach is accessible by the
participants.
2. Practice: A set of practice questions are presented to familiar-
ize the participant with the assessment format (Figure 2(2)).
The concepts here are nouns.
3. Main Assessment Questions: Following the same format as
the practice questions, the main 17 assessment questions
were presented to the participant and results logged auto-
matically by the software. These questions related to preposi-
tions and adjectives (colors); a complete listing is included in
Appendix Table A2.
4. Video Assessment: After a brief explanation from the SaLT
about what the assessment entailed, each participant com-
pleted a total of eight assessment questions. This time the
SaLT read aloud questions of the format “Which one is… ?”
and recorded responses manually. These questions related to
verbs and adverbs.
Results
In this section the results of the assessments are presented for
the purpose of evaluating their suitability and viability. The pilot
study covered baseline and outcomes measurements, mainly
related to the larger study. This demonstrates the use of the
assessments for an experimental setup.
Static image-based assessment results
During the static image-based assessment, each participant com-
pleted a total of 24 questions: 4 access check questions, 3 prac-
tice questions and 17 assessment questions. Both participants
completed all of the questions. An overall summary of the results
of the static image-based assessments for both P1 and P2, for the
baseline and outcome measures assessments, are displayed in
Table 2. This shows that P1 scored a near maximum 15 correct
answers out of a possible 17 questions in both the baseline and
outcome measures stages of the static image-based assessment.
Conversely, P2’s assessment scores were low across both baseline
and outcome measures stages, with below chance scores at base-
line and a small improvement at outcome.
Figure 5 shows the spread of P2’s answers in the static image-
based assessment for both the baseline and outcomes stages. P2
appeared to favor answers positioned on the left side of
the screen.
There were some changes in P2’s scores between the baseline
and outcome measures but it is difficult to attribute these to pro-
gression: Figure 5 shows that P2’s answers were heavily skewed
towards those cells positioned on the left side of the answer grid,
with 16 out of 17 baseline and 15 out of 17 outcome measure
answers being on the left. There did not appear to be any evi-
dence of this behavior for P1.
Table 2. P1 and P2: static image-based assessment results for baseline and out-
come stages.
P1 P2
Baseline Outcome measures Baseline Outcome measures
Practice 3/3 3/3 2/3 3/3
Assessment 15/17 15/17 4/17 7/17
Totals 18/20 18/20 6/20 10/20
Figure 5. P2: static image-based assessment results – answers displayed and grouped by cell position (baseline and outcome stages).
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Video-based assessment results
For the video-based assessment, each participant completed a
total of eight assessment questions spread over two onscreen
pages. There was no explicit access check and no practice ques-
tions. Both participants completed all eight questions. An overall
summary of the results of the video-based assessments for both
P1 and P2, for the baseline and outcome measures assessments,
is displayed in Table 3. This shows that P1 achieved high scores
in the video-based assessments with a score of 6 out of 8 in both
the baseline and outcome measures. P1 answered the same two
questions incorrectly for both baseline and outcome measures
stages. These questions involved the concepts of “Moving
Forwards” and “Moving Backwards.” P1 gave the opposite answer
for each concept depicted i.e., “Moving Forwards” for the question
“Moving Backwards” and vice versa. It is worth noting that during
the development and trials stages one of the SaLTs involved also
interpreted these questions in this manner. P2’s score in the base-
line video-based assessment was 4 out of 8 and this decreased to
3 out of 8 for the outcome measures.
Figure 6 shows the spread of P2’s answers in the video-based
assessment for both the baseline and outcomes stages. It shows
that similar to the static image-based assessment, P2 appeared to
exhibit bias towards answers on the left side of the grid of 4. Six
out of 8 of his answers were left-sided in both the baseline and
outcome measures.
Discussion
The two new assessments were trialed in a pilot study with two
individuals from the TG. The extent to which the assessment tech-
niques and pilot study achieved the aims set are now discussed.
Assessment techniques: aims revisited
Aim 1
To ensure that the new assessments were AT accessible for the
TG who usually use eye gaze as an alternative access method:
This aim was achieved, with both participants able to access
and complete the assessments using eye gaze as a means of
selecting or indicating their answers.
In common with other studies [15,21,22], communication soft-
ware was used successfully as a “wrapper” for the static image-
based assessment to provide a range of accessibility features. This
also avoided the issue of misinterpreting gaze direction, as high-
lighted by Sargent et al. [9]. The limitations of existing communi-
cation software, identified earlier, precluded the adoption of a
“wrapper” approach for the video-based assessment. Nevertheless,
the bespoke approach used did deliver basic accessibility in the
form of eye gaze interaction.
Aim 2
To represent concepts containing temporal, spatial or movement
elements in a more suitable format:
Moving images were used to depict concepts which contain
temporal, spatial or movement aspects, a format which maps
more closely to the real world. The examinee was able to watch
each video clip by fixating on the relevant cell.
Subjectively, comments made by one of the SaLTs who helped
to develop and administer the assessments appeared to support
the opinions of other authors [12] about the value of “moving”
Table 3. P1 and P2: video-based assessment results (baseline and out-
come stages).
P1 P2
Baseline Outcome measures Baseline Outcome measures
6/8 6/8 4/8 3/8
Figure 6. P2: video-based assessment results – answers displayed and grouped by cell position (baseline and outcome stages).
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images in assessment. The SaLT reported: “The video assessment is
particularly impressive. I’ve never seen this used before and gave a
much better representation of the concepts.” The SaLTs who
administered the assessments considered the videos to be more
engaging to CYP and a better representation of the temporal, spa-
tial or movement properties of real-world concepts such as
“gripping” or “moving left.” Such concepts are difficult to represent
using static images and usually involve the use of conventions
which need to be understood such as arrows to indicate direction,
or curved lines around moving parts to indicate motion [32].
Aim 3
To minimize the risk of assessor misinterpretation and bias:
The static image-based assessment gave the examinee more
autonomy during the assessment by allowing them to select their
answers directly using eye gaze. The amount of input required
from the SaLT during the administration process was minimized,
and the participants’ responses were logged automatically by the
software, thereby reducing the risk of misinterpretation of answers
or the introduction of bias. This design does bring an increased risk
of accidental selections, as the answers are not confirmed by the
SaLT, as may be the case with assisted scanning approaches.
The video-based assessment was less effective in this regard.
There was a greater reliance on the SaLT during the assessment
procedure i.e., asking the questions and interpreting and manually
logging the answers, increasing the risk of misinterpreted answers
or assessor bias.
Pilot study: aim revisited
The aim of the pilot study was to provide an indication of
whether the participants’ knowledge of the concepts under inves-
tigation could be evaluated by the assessments:
This appeared to be the case for P1 with high scores through-
out the assessments. This was less clear for P2 whose scores were
relatively low throughout the assessments.
The results appear to indicate that P1 was able to reveal his
knowledge of the concepts being assessed to a high level. In fact
the scores were so high in the baseline that it was not possible to
measure progression between the baseline and outcome meas-
ures. The assessments appeared to be less suitable for uncovering
the knowledge of P2.
P2 predominantly chose answer cells positioned on the left in
both the static image-based and video-based assessments, over both
baseline and outcome measures stages. P2 did not appear to exhibit
any signs of anxiety or distress and appeared to be relaxed during all
of the assessments. This bias towards answers positioned on the left
may be indicative of an inability to inhibit, side-preference or persev-
eration behaviors [10,33,34], perhaps exacerbated through difficulty
understanding the concepts being tested. P2’s SaLT commented
that, in her opinion, he had exhibited perseveration behaviors during
assessments undertaken by her on other occasions. Another possible
explanation for P2’s answering behavior may be that he had limited
experience of initiating or making choices and so found the choice-
making aspect of the assessments difficult.
It is interesting to note that during the practice stage of the
assessment P2 scored 2 out of 3 in the baseline and 3 out of 3 in
the outcome. P2 also achieved proportionately higher scores for
assessment questions relating to colors, achieving 2 out of 4 cor-
rect answers in the baseline and 3 out of 4 correct answers in the
outcomes. These results may indicate that P2 had a better under-
standing of nouns and noun attributes (i.e., colors) compared to
the other concepts being tested. Golinkoff et al. [24] state that
“nouns are easy; verbs are hard” for young children and Hsu and
Bishop’s [32] study comparing language-impaired children with
age-matched and grammar-matched controls discuss the difficul-
ties children can have with understanding spatial prepositions. P2
may have experienced similar difficulties.
Additional information of value emerged from the use of the
assessments in the pilot study. P1 scored more highly than had
been anticipated, surprising the staff who works with him and
challenging their perceptions. This has also been observed by
other authors where accessibility options appropriate to an indi-
vidual’s needs have been employed [20]. P2’s scores reinforced
that other assessment techniques and approaches are needed to
verify his knowledge and understanding. Furthermore, P2’s diffi-
culties raise the issue that the new assessments may be accessible
using AT but perhaps not “cognitively” accessible. Further work
needs to be undertaken to understand perseveration, side prefer-
ence and other behaviors that may affect assessment, and how
assessments might be designed to allow for such behaviors.
Conclusion and future work
The overall goal of this work was to provide assessment methods
which are accessible by the TG with a focus on the use of eye
gaze to provide accessibility and to support the assessment of a
set of temporal, spatial, or movement concepts. This was moti-
vated by the needs of a larger study and a lack of suitable exist-
ing assessment techniques. Two complementary assessment
methods were presented, using static images and video clips to
represent the concepts in an appropriate format. A pilot study
was conducted with two participants to evaluate the effectiveness
and suitability of the assessment techniques.
The results indicate that the new assessment techniques were
accessible to both participants. They were effective in revealing know-
ledge in one participant but were inconclusive for the other. In this
second case, a side preference or perseveration behavior was observed,
further demonstrating some of the challenges in assessing the TG.
The pilot study and the assessment techniques described here
go some way to addressing the limitations of conventional spo-
ken language comprehension assessments for individuals with
profound motor impairments. However, further developments in
this field are required.
Lack of comparison
Ideally, the new assessment techniques should be compared with
existing solutions to determine how effective they are in revealing
knowledge and understanding. The main motivation for this work
was the current lack of suitable assessment techniques for the TG
and, therefore, in this context, the work provides a baseline for
future comparisons. Future work could be undertaken with indi-
viduals similar to the TG, who have verbal skills, or with typically
developing children and young people. Comparisons could then
be made to help verify the effectiveness of the new techniques.
Hearing impairments
In their current form, both assessments are not suitable for those
who have hearing impairments.
Video-based assessment features
A comparison of the two assessments identified a number of pos-
sible improvements for the video-based assessment. Ideally, both
ACCESSIBLE DIGITAL ASSESSMENTS 357
assessments should have been more aligned in terms of design,
accessibility, and administration. Most of the differences were due
to the static image-based assessment being contained within Grid
3 (and so inheriting Grid 3’s accessibility features), whereas the
video-based assessment incorporated new software, developed by
the first author. Recommended modifications to the video-based
assessment are as follows:
1. Incorporation of an explicit access check: Analysis of video
recordings revealed that P2 had not fixated upon and
watched all of the video cells prior to the first assessment
question, possibly affecting his answer. An access check
would ensure this cannot happen.
2. Incorporation of practice questions: The static image-based
assessment contained a series of practice questions to famil-
iarize the examinee with the format and procedure. The
video-based assessment did not contain practice questions
and it should not have been assumed that the participants
knew what was expected of them.
3. The inclusion of speech synthesis: Questions should be “read
out” by the assessment to maintain consistency with the
approach used by the static image-based assessment.
4. Include the ability to dwell-select cells: The participant should
be able to dwell-select answer cells for themselves. Instead,
for the video-based assessment, answers were given by the
examinee fixating upon an answer cell and the SaLT inter-
preting and confirming the cell. This potentially introduces
additional cognitive loading for the examinee and increases
the risk of assessor misinterpretation or bias. This could be
mitigated against by a change in the design i.e., when the
examinee is ready to answer, the software enters a “dwell-
select” mode;
5. Automatic logging of the answers: The video-based assess-
ment requires the administering SaLT to interpret and note
examinee answers manually.
Further recommendations
Rather than “reinventing the wheel,” it seems logical, as sug-
gested by Warschausky et al. [15], to digitally adapt standardized
assessments and to embed these within communication software.
Developing bespoke assessment material, as was done in this
study, means that there is no standardization of the data gath-
ered and to qualify as a “valid” assessment, it would need to go
through a protracted process of validation and trials (as has been
done with Geytenbeek et al.’s [4] C-BiLLT). As a starting point,
assessment providers could develop additional administration pro-
cedures that have greater flexibility for those who use alternative
access methods, as has been done by Geytenbeek et al. [4] and
Guerette et al. [3].
The results of the pilot study and the new AT accessible
assessments described here indicate an advance in our ability to
assess some members of the TG. The authors suggest that stand-
ardized assessment providers, communication software manufac-
turers and researchers work together to ameliorate the current
situation and provide more appropriate assessments for
this group.
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Appendix
Table A1. A sample of a static image-based assessment log file.
Date Time Page Cell/correct answer Given answer Correct/incorrect
27/6/2017 14:16:47 Right Which one is right?
27/6/2017 14:16:54 Right Which one is right?
27/6/2017 14:17:01 Right Right (Top-Left) Left (Bottom-Right) Incorrect
27/6/2017 14:17:07 Behind Which one is behind the table?
27/6/2017 14:17:20 Behind Which one is behind the table?
27/6/2017 14:17:27 Behind Behind (Top-Right) Behind (Top-Right) Correct
27/6/2017 14:18:09 Lower Which one is lower?
27/6/2017 14:18:18 Lower Which one is lower?
27/6/2017 14:18:24 Lower Lower (Top-Right) Lower (Top-Right) Correct
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16 Far apart Preposition
17 Near Preposition
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